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Abstract
In de Sitter (dS) gravity, where gravity is a gauge field introduced to realize the
local dS invariance of the matter field, two kinds of conservation laws are derived.
The first kind is a differential equation for a dS-covariant current, which unites
the canonical energy-momentum (EM) and angular momentum (AM) tensors. The
second kind presents a dS-invariant current which is conserved in the sense that its
torsion-free divergence vanishes. The dS-invariant current unites the total (matter
plus gravity) EM and AM currents. It is well known that the AM current contains
an inherent part, called the spin current. Here it is shown that the EM tensor
also contains an inherent part, which might be observed by its contribution to
the deviation of the dust particle’s world line from a geodesic. All the results are
compared to the ordinary Lorentz gravity.
PACS numbers: 04.50.Kd, 04.20.Cv, 04.20.Fy
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1 Introduction
It follows from the Noether’s theorem that each one-parameter group of symmetric trans-
formations gives rise to a conservation law [1, 2]. Especially, each one-parameter group
of translations or Lorentz transformations in special relativity (SR) results in a Lorentz-
invariant conserved current. By eliminating the generators of the one-parameter groups,
the conservation laws lead to a set of differential equations for the canonical energy-
momentum (EM) and spin tensors. The Lorentz-covariant energy, momentum and angu-
lar momentum (EMA) currents can be constructed out of these two tensors.
It is rather nontrivial to generalize these results to the gravitational theories. A
generalization can be performed in Lorentz gravity, where gravity is represented by the
metric-compatible connection and tetrad 1-forms which are introduced to realize the local
Lorentz invariance of the matter field [3]. In Lorentz gravity, it is shown that the diffeo-
morphism and Lorentz symmetries lead to a set of differential equations for the EM and
spin tensors [4–6]. Note that the total (matter plus gravity) EM and spin tensors vanish
due to the gravitational field equations. On the other hand, provided the gravitational
field equations are satisfied, each one-parameter group of translations or Lorentz rotations
results in a Lorentz-invariant current, which is conserved in the sense that its torsion-free
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divergence vanishes [7, 8]. The Lorentz-invariant currents can be used to define the total
EMA currents in Lorentz gravity.
Note that in Lorentz gravity, gravity is not a gauge field, in the sense that it is not
an Ehresmann connection of some principal fiber bundle. On the other hand, there exists
the de Sitter (dS) gravity [9–13], where gravity is described by an Ehresmann connection
which is introduced to realize the local dS invariance of the matter field. The dS gravity is
well motivated for some cosmological reasons. Firstly, the observed cosmological constant
may be related to that of the internal dS space, which is a characteristic structure in
dS gravity. Moreover, an interesting investigation shows that [13, 14], the dS symmetry
together with a Kaluza–Klein-type ansatz can pick out the only one model that is free
of the big-bang singularity in the Robertson–Walker universe filled with a spin fluid [15],
among the R + βSabcSabc models of gravity [16], where R is the scalar curvature, β is a
parameter, and Sabc denotes the torsion tensor.
In this paper, the EMA conservation laws are generalized to dS gravity. The result
consists of two kinds of conservation laws. Firstly, it is shown that the diffeomoriphism and
dS symmetries lead to a differential equation for a dS-covariant current, which unites the
EM and spin tensors. Secondly, provided the gravitational field equation is satisfied, each
one-parameter group of dS rotations result in a dS-invariant current, which is conserved
in the sense that its torsion-free divergence vanishes. The dS-invariant current can be
used to define the total (matter plus gravity) EMA currents in dS gravity. In the analysis
of the first kind conservation law, it is found that the EM tensor contains an inherent
part, just like the fact that the angular momentum (AM) current contains an inherent
part (the spin current). Also, the dust particle’s world line is studied, which deviates from
a geodesic for two reasons. The first is the existence of the spin tensor, while the second
is the existence of the inherent EM tensor discovered here.
The paper is arranged as follows. In section 2, the dS gravity is briefly introduced. In
sections 3–4, two kinds of EMA conservation laws are derived in dS gravity, and compared
to those in Lorentz gravity. Moreover, in section 3, an inherent EM tensor is predicted
and its impact on the dust particle’s world line is discussed. Finally, we end with some
remarks in the last section.
2 de Sitter gravity
The dS gravity is a gauge theory of gravity with local dS invariance. It can [10, 11] be
seen as the localization of dS SR [17–26], which is a hypothetical theory with global dS
invariance. Consider a matter field ψ on a dS space Ml, with the action integral SM and
Lagrangian function LM as follows:
SM =
∫
Ω
LMǫ, LM = LM(ψ, daψ, c.c., ξ
A, daξ
A), (1)
where Ω is an arbitrary domain of Ml, ǫ is a metric-compatible volume element, da is
the ordinary exterior derivative, a is an abstract index [27, 28] which can be changed
into any tetrad or coordinate index by taking the corresponding component, c.c. denotes
the complex conjugate of the former quantities, ξA are 5-dimensional (5d) Minkowski
coordinates which satisfy ηABξ
AξB = l2 on Ml, A = 0, 1, · · ·4 are dS indices, ηAB =
diag(−1, 1, · · ·1), and l is a constant with dimension of length. Suppose that the action
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integral SM is globally dS invariant, i.e., it is invariant under the transformation:
ψ → T (g)ψ, ξA → gABξ
B, (2)
where g = gAB is an element of the dS group O(1, 4), and T is the representation of
O(1, 4) associated with the matter field ψ. Note that the dS metric
gab = ηAB(daξ
A)(daξ
B) (3)
is globally dS invariant, so as ǫ. The localization of the above theory is to introduce a gauge
field (the gravitational field) into SM , such that SM is invariant under the localized version
of the transformation (2) (obtained by changing g = gAB into an O(1, 4)-valued function),
supplemented by the transformation for the gauge field. The result is as follows. The dS
space Ml is changed to be a Riemann–Cartan (RC) spacetime M, and the Lagrangian
function of the matter field is changed to be
LM = LM(ψ,Daψ, c.c., ξ
A, Daξ
A), (4)
where
Daψ = daψ + TA
BΩABaψ, (5)
Daξ
A = daξ
A + ΩABaξ
B, (6)
TA
B are representations of the dS generators, ΩABa is the gravitational field as an o(1, 4)-
valued 1-form, o(1, 4) is the dS algebra, and ξA become local functions which satisfy
ηABξ
AξB = l2. The action integral SM is locally dS invariant, i.e., invariant under the
combination of the localized version of transformation (2) and
ΩABa → g
A
CΩ
C
Da(g
−1)DB + g
A
Cda(g
−1)CB, (7)
where gAC is an O(1, 4)-valued function. Note that the metric [9]
gab = ηAB(Daξ
A)(Daξ
B) (8)
is locally dS invariant, so as ǫ. The gravitational action integral SG and Lagrangian
function LG are given by
SG =
∫
Ω
LG ǫ, LG = LG(ξ
A, Daξ
A,FABab), (9)
where
FABab = daΩ
A
Bb + Ω
A
Ca ∧ Ω
C
Bb (10)
is the curvature of ΩABa. The final theory of dS gravity is described by the total action
integral S = SM + κSG, where κ is a coupling constant. It is worth noting that the dS
gravity defined here is different from that described by Cartan geometry [29] or nonlinear
realisation [30], where the gravitational field as a Cartan connection or nonlinear gauge
field only performs Lorentz transformations, but not the full dS transformations.
Here we briefly introduce a suitable mathematical framework for dS gravity [12, 13].
Over any RC spacetime M, a principal bundle P can be set up, with the structure group
being O(1, 4). An Ehresmann connection Ω˜ can be defined on P, such that ΩABa =
(σ∗Ω˜)ABa, where σ is a local section of P, and σ
∗ denotes the pullback by σ. Let Q be a
3
fiber bundle associated to P, with Ml as the typical fiber. A global section Φ of Q can
be defined, such that ξA are the (vertical) 5d Minkowski coordinates of Φ. With these
definitions, the curvature tensor Rcdab and torsion tensor S
c
ab of M have the following
dS-invariant expressions [12, 13]:
Rcdab − (2/l
2)ga[cgd]b = FABab(Dcξ
A)(Ddξ
B), (11)
Scab = FABab(Dcξ
A)ξB, (12)
where Rcdab = gceR
e
dab, Scab = gcdS
d
ab, and FABab = ηACF
C
Bab. Let F be the vector
space at which ψ is valued, and QF be a fiber bundle associated to P, with F as the
typical fiber. A global section ψ of QF can be defined, such that for any local section σ
of P, ψ = σ · ψ = {(σg, g−1ψ)|g ∈ O(1, 4)}.
With the help of Eqs. (8), (11) and (12), it can be shown that the gravitational
Lagrangian function given by Eq. (9) is equivalent to
LG = LG(gab, R
c
dab, S
c
ab). (13)
As a simple example, the Einstein–Cartan gravity [5, 31] with LG = R can be a model for
dS gravity, where R is the scalar curvature. Note that the Lagrangian function (13) is also
Lorentz invariant. To determine which kind of gravity (Lorentz or dS) it describes one
should consider which kind of matter field it is coupled to. If it is coupled to a Lorentz-
invariant matter field, it describes Lorentz gravity. If it is coupled to a dS-invariant matter
field, it describes dS gravity.
3 Conservation law A
Consider a matter field ψ on an RC spacetime M, with the dS-invariant action integral
SM and Lagrangian function LM as follows:
SM =
∫
Ω
LMǫ, LM = LM(ψ,Daψ, c.c., ξ
A, Daξ
A). (14)
The gauge transformations are defined as the bundle isomorphisms on P. Let {φ˜t} be a
one-parameter group of gauge transformations, with t as the group parameter. Then the
following transformations can be induced by φ˜t:
Ω→ Ωt = φt[Ω],
ψ → ψt = T (gt)φt∗ψ, Daψ → (Daψ)t = T (gt)φt∗(Daψ),
ξA → ξAt = g
A
t Bφt∗ξ
B, Daξ
A → (Daξ
A)t = g
A
t Bφt∗(Daξ
B), (15)
where φt are diffeomorphisms on M induced by φ˜t, φt∗ denote the pushforwards by φt,
and gt = g
A
t B are functions valued at the special dS group SO(1, 4), defined by φ˜t∗σ = σgt,
where φ˜t∗σ are defined by (φ˜t∗σ)(φtx) = φ˜t(σ(x)), ∀x ∈ M. Let v
a be the generator of
{φt}, A
A
B = δg
A
B, where δ = (d/dt)|t=0. If φ˜t are dS rotations, then v
a = 0. If φ˜t are
horizontal, i.e., Ω˜(d(φ˜tp)/dt)|t=0 = 0, ∀p ∈ P, then
AAB = −Ω
A
Bav
a. (16)
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Generally, we may assume
AAB = B
A
B − Ω
A
Bav
a, (17)
where BAB is covariant in the following sense: if σ → σg
−1, thenBAB → g
A
CB
C
D(g
−1)DB,
where g = gAB is an arbitrary function valued at O(1, 4). It follows from Eq. (15) that
δψ = BABTA
Bψ − vaDaψ, δξ
A = BABξ
B − vaDaξ
A,
δDaψ = B
A
BTA
BDaψ − v
bDbDaψ − (Dbψ)∇˚av
b,
δDaξ
A = BABDaξ
B − vbDbDaξ
A − (Dbξ
A)∇˚av
b, (18)
where ∇˚a is the metric-compatible and torsion-free derivative. On account of the invari-
ance of SM under Eq. (15), δLM = −v
a∇˚aLM . Suppose that the matter field equation
is satisfied, then substitution of the above results into the chain rule for δLM leads to
∇˚aΣb
a = −τA
BaFABab +
∂LM
∂ξA
Dbξ
A +
∂LM
∂DaξA
DbDaξ
A, (19)
DaτAB
a = −
(
∂LM
∂ξ[A
ξB] +
∂LM
∂Daξ[A
DaξB]
)
, (20)
∂LM
∂Daψ
Dbψ + c.c. +
∂LM
∂DaξA
Dbξ
A = 0, (21)
where the arbitrariness of BAB, v
a and ∇˚av
b at any given point is used,
Σb
a = −
∂LM
∂Daψ
Dbψ + c.c.+ LMδ
a
b (22)
is the orbital EM tensor,
τA
Ba =
∂LM
∂Daψ
TA
Bψ + c.c. (23)
is the dS-covariant spin current, and
DbDaξ
A = ∇˚bDaξ
A + ΩABbDaξ
B. (24)
Define the 5d dS-covariant orbital AM current
ΣA
Ba = Σb
aηAC(D
bξ[C)ξB], (25)
and the 5d dS-covariant AM current
VA
Ba ≡ δSM/δΩ
A
Ba = ΣA
Ba + τA
Ba. (26)
In the dS SR limit, VA
Ba unites the EMA currents in an inertial coordinate system [26].
Making use of Eqs. (19)–(21), and the identities
(Daξ
A)(DaξB) = ηAB − ξAξB/l2, (27)
DaDbξ
A = −KcbaDcξ
A − gbaξ
A/l2, (28)
where
Kcab =
1
2
(Scab + Sab
c + Sba
c) (29)
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is the contorsion tensor, it can be shown that
DaVA
Ba = VC
DaFCDba(D
bξ[A)ξE]η
EB. (30)
We call this result the conservation law A. In the dS SR limit, it becomes ∇˚aVA
Ba = 0,
which is just the conservation law for the EMA currents [26].
To compare the above result with Lorentz gravity, define the canonical EM and 4d
AM tensors
Vb
a = VA
Ba(Dbξ
A)(2ξB/l
2), (31)
Vb
ca = VA
Ba(Dbξ
A)(DcξB), (32)
and, in the same way, the inherent EM tensor and spin tensor
τb
a = τA
Ba(Dbξ
A)(2ξB/l
2), (33)
τb
ca = τA
Ba(Dbξ
A)(DcξB). (34)
It can be verified that
Vb
a = Σb
a + τb
a, Vb
ca = τb
ca, (35)
and Eq. (30) is equivalent to
(∇a + Sa)Vb
a = Vc
aScba + τc
daRcdba, (36)
(∇a + Sa)τbc
a = −V[bc], (37)
where ∇a is the metric-compatible derivative with torsion, and Sa = S
c
ac. The above
equations have the same form as the EMA conservation equations in Lorentz gravity
[4, 5]. They are also similar to the EM and hypermomentum conservation equations in
metric-affine gravity [6, 32]. The difference between dS gravity and Lorentz gravity (or
metric-affine gravity) is rooted in the difference between the dS group and the Lorentz
group (or the general linear group). The matrix dimension of the Lorentz group (or the
general linear group) is equal to the spacetime dimension, while that of the dS group
is larger than the spacetime dimension. As a result, one should introduce the higher-
dimensional object ξA in the Lagrangian function (14) to describe the dS invariance;
while in Lorentz gravity (or metric-affine gravity), ξA is absent. Also, in dS gravity,
the conservation equations (36)–(37) can be unified in a higher-dimensional conservation
equation (30), which is absent in Lorentz gravity (or metric-affine gravity). Moreover, in
Lorentz gravity (or metric-affine gravity), Vb
a in Eqs. (36)–(37) is equal to the orbital EM
tensor Σb
a; while in dS gravity, it differs from Σb
a by τb
a, which is defined in Eq. (33) by
the higher-dimensional object τA
Ba.
To find the observational effects of τb
a, let us consider a dust fluid with dS spin, i.e.,
a fluid with Σab = ρUaUb and τA
Ba 6= 0, where ρ is the rest energy density, and Ua is
the 4-velocity of the fluid particle. Because τA
Ba 6= 0, τb
a and τb
ca are generally nonzero.
Assume that the torsion vanishes, then Eq. (36) becomes
∇a(ρUbU
a + τb
a) = τc
daRcdba. (38)
Multiplying the above equation by U b yields
− Ua∇aρ− ρ∇aU
a + U b∇aτb
a = τc
daRcdbaU
b. (39)
6
Substitution of Eq. (39) into Eq. (38) leads to
ρUa∇aUb = −h
e
b(∇aτe
a − τc
daRcdea), (40)
where heb = geb + UeUb. Obviously, both τb
a and τb
ca contribute to the derivation of
Ua∇aUb from zero. Hence τb
a might be observed by its contribution to the derivation of
the dust particle’s world line from a geodesic. This contribution should be very small,
because according to Eq. (33), τb
a is proportional to l−1 ∼ Λ1/2 , where Λ = 3/l2 is the
cosmological constant.
Now we turn from the matter field to the gravitational field, with the action integral
SG and Lagrangian function LG given by Eq. (9). The bundle isomorphisms φ˜t induce
the transformations below:
Ω→ Ωt = φt[Ω], ξ
A → ξAt = g
A
t Bφt∗ξ
B,
Daξ
A → (Daξ
A)t = g
A
t Bφt∗(Daξ
B),
FABab → F
A
t Bab = g
A
t C(φt∗F
C
Dab)(g
−1
t )
D
B, (41)
which imply
δξA = BABξ
B − vaDaξ
A,
δDaξ
A = BABDaξ
B − vbDbDaξ
A − (Dbξ
A)∇˚av
b,
δFABab = [B,Fab]
A
B − v
cDcF
A
Bab − F
A
Bcb∇˚av
c −FABac∇˚bv
c. (42)
On account of the invariance of SG under Eq. (41), δLG = −v
a∇˚aLG. Substitution of
the above results into the chain rule for δLG leads to
∇˚aΣˆb
a = −τˆA
BaFABab +
∂LG
∂ξA
Dbξ
A +
∂LG
∂DaξA
DbDaξ
A, (43)
DaτˆAB
a = −
(
∂LG
∂ξ[A
ξB] +
∂LG
∂Daξ[A
DaξB]
)
, (44)
∂LG
∂DaξA
Dbξ
A + 2
∂LG
∂FABac
FABbc = 0, (45)
where the Bianchi identity D[cF
A
|B|ab] = 0, and the arbitrariness of B
A
B, v
a and ∇˚av
b at
any given point is used,
Σˆb
a = −2
∂LG
∂FABac
FABbc + LGδ
a
b (46)
is the orbital EM tensor of gravity, and
τˆA
Ba = 2Db
(
∂LG
∂FABab
)
(47)
is the dS-covariant spin current of gravity. The remaining analyses are similar to those of
the matter field, and one may refer to Eqs. (25)–(37). It is noteworthy that, unlike the
matter field case, there exists the inherent EM tensor for the gravitational field both in
dS gravity and Lorentz gravity.
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4 Conservation Law B
The total (matter plus gravity) EMA currents cannot be given by the conservation law A
in the last section, because VA
Ba+κVˆA
Ba should be equal to zero due to the gravitational
field equation, where VˆA
Ba = δSG/δΩ
A
Ba. In order to find the definitions of the total
EMA currents, we turn to the coupling system of the matter field and the gravitational
field, with the action integral S and Lagrangian function L as follows:
S =
∫
Ω
L ǫ, L = L (ψ,Daψ, c.c., ξ
A, Daξ
A,FABab), (48)
where L = LM + κLG. The bundle isomorphisms φ˜t induce the transformations below:
Ω→ Ωt = φt[Ω], ψ → ψt = T (gt)φt∗ψ, ξ
A → ξAt = g
A
t Bφt∗ξ
B,
ΩABa → Ω
A
t Ba = g
A
t C(φt∗Ω
C
Da)(g
−1
t )
D
B + g
A
t Cda(g
−1
t )
C
B, (49)
which imply
δψ = BABTA
Bψ − vaDaψ,
δξA = BABξ
B − vaDaξ
A,
δΩABa = −DaB
A
B + F
A
Babv
b. (50)
On account of the invariance of S under Eq. (49),
δ(L ǫ) = −∇˚a(L v
a)ǫ. (51)
Suppose that the gravitational field equation is satisfied, then it follows from the chain
rule for δL that
δ(L ǫ) = ∇˚a
(
∂L
∂Daψ
δψ + c.c.+ 2
∂L
∂FABab
δΩABb
+
∂L
∂DaξA
δξA + L (DaξA)δξ
A
)
ǫ. (52)
Combining the above two results leads to the conservation law B: ∇˚aJ
a = 0, where
Ja =
∂L
∂Daψ
δψ + c.c.+ 2
∂L
∂FABab
δΩABb
+
∂L
∂DaξA
δξA + L (DaξA)δξ
A + L va. (53)
Substituting Eq. (50) into the above equation yields
Ja = BAB
δS
δΩABa
+ ∇˚b
(
2BAB
∂L
∂FABba
)
= ∇˚b
(
2BAB
∂L
∂FABba
)
, (54)
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where Eqs. (21) and (45) are used, and
δS
δΩABa
=
∂L
∂Daψ
TA
Bψ + c.c.+ 2Db
∂L
∂FABab
+
(
∂L
∂Daξ[A
ξC] + L (D
aξ[A)ξC]
)
ηBC , (55)
which vanishes due to the gravitational field equation. The current (54) is the 5d dS-
invariant conserved AM current with respect to {φ˜t}. Note that v
a does not appear in
the final expression of Ja, and thus the one-parameter group of horizontal gauge transfor-
mations (which may be interpreted as spacetime diffeomorphisms) does not correspond
to any conserved current. Indeed, for a one-parameter group of horizontal gauge trans-
formations, Eq. (16) holds, and so BAB defined in Eq. (17) is equal to zero, and hence
the conserved current Ja = 0 on account of Eq. (54).
In dS SR, the dS-invariant AM current with respect to the dS symmetry characterized
by BAB is equal to [26]
J aSR = B
A
BVA
Ba. (56)
It is seen that Bα4 characterizes the symmetry corresponding to the EM current, and B
α
β
characterizes the symmetry corresponding to the 4d AM current. As a result, the total
(matter plus gravity) EM current can be defined as
Ja(Bα4) = ∇˚b
(
4Bα4
∂L
∂Fα4ba
)
, (57)
and the total 4d AM current can be defined as
Ja(Bαβ) = ∇˚b
(
2Bαβ
∂L
∂Fαβba
)
. (58)
They are gauge dependent, but constitute the gauge-independent 5d AM current (54). In
dS gravity, there exist the Lorentz gauges, such that [9, 12, 13]
ξA =
(
04×1
l
)
, Daξ
A =
(
eαa
0
)
, (59)
ΩABa =
(
Γαβa l
−1eαa
−l−1eβa 0
)
, (60)
FABab =
(
Rαβab − l
−2eαa ∧ eβb l
−1Sαab
−l−1Sβab 0
)
, (61)
where 04×1 = (0, 0, 0, 0)
T, {eα
a} is a tetrad field, α = 0, 1, 2, 3 are tetrad indices, eαaeβ
a =
δαβ , eβa = ηαβe
α
a, ηαβ is the Minkowski metric, Γ
α
βa is the metric-compatible connection
1-form of spacetime, Sαab = dae
α
b+Γ
α
βa∧e
β
b is the torsion 2-form, and R
α
βab = daΓ
α
βb+
Γαγa ∧ Γ
γ
βb is the curvature 2-form. The dS-invariant current (54) becomes a Lorentz-
invariant current
Ja = ∇˚b
(
2Bαβ
∂L
∂Rαβba
+ 2V α
∂L
∂Sαba
)
(62)
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in the Lorentz gauges, which recovers the conserved current for Lorentz gravity [7, 8],
where V α = Bα4l. In Eq. (62), the B
α
β term is the AM current corresponding to
Lorentz rotations, while the V α term is the EM current corresponding to the translations
defined by the dynamical connection in Lorentz gravity [5, 7]. A drawback of the above
definitions is that the Komar EM current JaK = ∇˚b(2κ∇˚
[bV a]) [33] cannot be explained
as an EM current in the Einstein–Cartan gravity, where V a = V αeα
a. Instead, JaK should
be interpreted as an AM current with
Bαβ = (∇˚[aVb])e
αaeβ
b. (63)
The conserved current (62) is also similar to the GL(4,R)-invariant conserved current
in metric-affine gravity [32], where GL(4,R) is the general linear group. As mentioned
before, the difference between dS gravity and Lorentz gravity (or metric-affine gravity) is
rooted in the higher-dimensional feature of the dS group. To describe the dS invariance,
one should introduce the higher-dimensional object ξA in the Lagrangian function (48);
while in Lorentz gravity (or metric-affine gravity), ξA is absent. Also, in dS gravity, the
EM and AM currents (57)–(58) can be unified in a higher-dimensional current (54), which
is absent in Lorentz gravity (or metric-affine gravity).
5 Remarks
In this paper, two kinds of conservation laws are discussed in dS gravity. The first kind is
a differential equation (30) for the dynamical current VA
Ba = δSM/δΩ
A
Ba. It is resulted
from the diffeomorphism and dS symmetries of the theory. The dS-covariant current VA
Ba
unites the EM and spin tensors, while Eq. (30) unites two differential equations (36)–(37)
which have the same form as the conservation equations in Lorentz gravity. Moreover,
the EM tensor is found to be containing an inherent part, which might be detected by its
contribution to the derivation of the dust particle’s world line from a geodesic. The second
kind of conservation law presents a dS-invariant conserved current (54) with respect to
each one-parameter group of dS rotations. The dS-invariant current unites the total EMA
currents (57)–(58) for the coupling system of matter and gravity. Also, it is shown that
the conserved current with respect to the diffeomorphism symmetry is equal to zero, in
other words, the diffeomorphism symmetry does not lead to any conserved current, and
so the Noether’s theorem does not completely apply to dS gravity.
Base on these discussions, we give a summary on some differences between dS gravity
and Lorentz gravity as follows. Firstly, in dS gravity, one should introduce the higher-
dimensional object ξA in the Lagrangian function to illustrate how the system is dS
invariant; while in Lorentz gravity, ξA is absent. Secondly, in dS gravity, the orbital AM
current can be well defined by using ξA, see Eq. (25); while in Lorentz gravity, it should
be equal to zero. Thirdly, in dS gravity, the EM and AM conservation equations (36)–
(37) can be unified in a higher-dimensional conservation equation (30); while in Lorentz
gravity, they cannot be unified. Fourthly, in dS gravity, the EM and AM currents (57)–
(58) can be unified in a higher-dimensional current (54); while in Lorentz gravity, they
cannot be unified. Fifthly, in dS gravity, the inherent EM tensors of both the matter
field and the gravitational field are nonzero; while in Lorentz gravity, the inherent EM
tensor of the matter field vanishes, but that of the gravitational field is nonzero. These
differences are rooted in the higher-dimensional feature of the dS group.
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